Introduction
============

Epstein-Barr virus (EBV) is a gammaherpesvirus that latently infects approximately 90% of human adults. The main targets of EBV infection are naïve B-cells, which are activated to proliferating blasts. Infection by EBV and the spread of EBV are controlled by host antibodies and cytotoxic T lymphocytes (CTLs). However, the host immune system cannot completely eliminate EBV; therefore, infected B cells can persist at low levels ([@B1]).

Anti-thymocyte globulin (ATG) is a rabbit-derived polyclonal antibody with a high affinity for T cells and leukocyte surface antigens. ATG reduces the levels of antigen-reactive T cells in the peripheral blood. Impairment of the CTL response is associated with abnormal proliferation of B cells. Post-transplant lymphoproliferative disorders (PTLDs) are lymphoid or plasmatic proliferation disorders that develop after solid organ transplantation or allogeneic hematopoietic stem cell transplantation (allo-HSCT) because of immunosuppression ([@B2]). ATG-containing conditioning regimens have been reported to increase the risk of PTLDs ([@B3]-[@B5]). The recommended strategy for the prevention of PTLDs is the reduction of immunosuppression with or without preemptive rituximab therapy, based on regular monitoring of EBV deoxyribonucleic acid (EBV-DNA) loads in peripheral blood. Preemptive rituximab therapy has been reported to prevent the development of PTLDs in approximately 90% of cases ([@B6]).

The initial treatment of newly diagnosed acquired severe aplastic anemia is allogeneic bone marrow transplantation (BMT) from a human leucocyte antigen (HLA)-identical sibling donor, if available, for patients \<40 year of age ([@B7],[@B8]). Immunosuppressive therapy is recommended for patients ≥40 years of age or with no HLA-identical sibling donor ([@B9]). In the setting of allo-HSCT, ATG is associated with an increased risk of EBV reactivation and PTLD ([@B10]). Scheinberg et al. reported that EBV reactivation occurred in 100% of EBV-seropositive patients after receiving rabbit ATG at a dose of 3.5 mg/kg with cyclosporin A (CsA) therapy for severe aplastic anemia ([@B11]).

The risk factors for EBV-LPD following treatment for aplastic anemia have not yet been determined. With regard to PTLD following allo-SCT, the risk factors include a T cell depletion treatment regimen, patient age \>50 years, second allo-HCT, the presence of graft-versus-host disease, the use of cord blood, and haploidentical transplant ([@B6]). In patients with aplastic anemia, the reactivation of EBV following treatment using rabbit ATG was reportedly more severe than that following treatment using horse ATG or alemtuzumab ([@B11],[@B12]).

Ten cases of EBV reactivation and/or LPDs following immunosuppressive therapy for aplastic anemia have been reported in the literature. However, to our knowledge, the outcome of EBV encephalitis following ATG therapy has not been reported ([@B13]-[@B22]). EBV-associated lymphoproliferative disorders (EBV-LPDs) following ATG therapy for aplastic anemia are rapidly progressive and often fatal. Reduction of immunosuppression and rituximab monotherapy with or without combination chemotherapy have been reported as treatment options for EBV-LPDs and PTLDs. We herein report a case of a patient with aplastic anemia who developed EBV-LPD and EBV encephalitis following ATG therapy who was successfully treated using rituximab monotherapy.

Case Report
===========

A 55-year-old woman was referred to our hospital because of pancytopenia. Her medical history included lumpectomy and adjuvant radiochemotherapy for breast cancer at 49 years of age. Because her peripheral blood count had gradually decreased, she was admitted to our department in May 2012. On a physical examination, the patient had conjunctival pallor and local purpura of her lower legs. Laboratory studies revealed pancytopenia with an absolute neutrophil count of 0.4×10^9^/L, reticulocyte count of 47.8×10^9^/L, and platelet count of 17×10^9^/L. Bone marrow aspiration and biopsy showed severely hypoplastic marrow with 90% of the normal tissue replaced by adipose tissue and no evidence of increased blast cells, dysplasia, or atypical cells ([Fig. 1](#g001){ref-type="fig"}). A chromosome analysis showed no abnormalities in 20 metaphases. Magnetic resonance imaging (MRI) of the spine revealed severely fatty marrow. Indium chloride bone marrow scintigraphy showed decreased uptake of indium chloride by the bone marrow, which was consistent with aplastic anemia. The patient was diagnosed with severe aplastic anemia. The proportion of paroxysmal nocturnal hemoglobinuria (PNH)-type granulocytes was 0.0387% (\>0.003%) and PNH-type red blood cells was 0.067% (\>0.005%), which is considered to be a predictor of response to ATG and CsA therapy ([@B7]). A serological analysis showed that she was seropositive for antibodies to cytomegalovirus and EBV; therefore, we initiated treatment using rabbit ATG and CsA.

![Photomicrograph of the patient's bone marrow smear at the time of diagnosis of aplastic anemia. Ninety percent of the normal bone marrow tissue was replaced by adipose tissue with no blasts or mature cells. There were no atypical or malignant cells present. Magnification×100. Hematoxylin and Eosin staining.](1349-7235-56-0701-g001){#g001}

Her clinical course is shown in [Fig. 2](#g002){ref-type="fig"}. ATG (3.75 mg/kg) was administered from Days 1 to 5, methylprednisolone (2 mg/kg) was administered, and CsA (6 mg/kg) on Day 6. On Day 28, she developed a high fever, which was unresponsive to antibiotics. CsA administration was discontinued on Day 39 because of liver injury and renal failure, indicated by elevated levels of total bilirubin (8.9 mg/dL), aspartate aminotransferase (147 U/L), alanine aminotransferase (35 U/L), lactate dehydrogenase (LDH) (795 U/L), serum creatinine (2.58 mg/dL), and C-reactive protein (42.9 mg/dL). Ferritin had increased sharply to 66,320 ng/mL. Atypical lymphocytes were detected in her peripheral blood. On Day 41, a computed tomography (CT) scan ([Fig. 3](#g003){ref-type="fig"}) revealed hepatosplenomegaly, thickening of the gallbladder wall because of acute hepatitis, and enlargement of multiple abdominal lymph nodes. Lymph node biopsy could not be performed because there were no superficial lymphadenopathies. In addition, the patient developed respiratory failure and was transferred to the intensive care unit and immediately intubated. The serum LDH level increased to \>3,000 U/L, and the serum EBV-DNA level increased to 1.1×10^6^ copies/10^6^ cells. These clinical signs and laboratory data strongly suggested the development of EBV-LPD; therefore, we administered rituximab at 375 mg/m^2^ once per week. She was afebrile a few days after the first administration of rituximab. EBV-LPD was confirmed because of the monoclonality of EBV-DNA in her peripheral blood by Southern blotting hybridization ([Fig. 4](#g004){ref-type="fig"}). Following a second cycle of rituximab, she recovered from respiratory failure and was extubated.

![Clinical course of the patient. Forty-five days after ATG initiation, the serum LDH level was elevated to more than 3,000 U/L, and the serum EBV-DNA level increased to 1.1×10^6^ copies/10^6^ cells. Following rituximab therapy, these levels rapidly decreased. Rituximab was administered once a week for 8 weeks.](1349-7235-56-0701-g002){#g002}

![Abdominal computed tomography before the initiation of rituximab. Abdominal computed tomography demonstrated hepatosplenomegaly, increased thickness of the gallbladder wall, and multiple enlarged abdominal lymph nodes.](1349-7235-56-0701-g003){#g003}

![Southern blot analysis demonstrated monoclonality of the EBV-infected cells. M' represents the size marker of the DNA; No. 1 is the positive control, No. 2 is the negative control, and No. 3 is the patient's peripheral blood sample.](1349-7235-56-0701-g004){#g004}

Although her general status and laboratory data had improved, she suddenly fell unconscious three days after the second cycle of rituximab. Cranial T2-weighted MRI and fluid-attenuated inversion recovery ([Fig. 5](#g005){ref-type="fig"}) showed high-intensity lesions in her cerebral cortex. A polymerase chain reaction (PCR) analysis for herpes simplex virus 1, 2 (HSV-1, 2), EBV, human herpes virus 6 (HHV-6), varicella zoster virus (VZV), and cytomegalovirus (CMV) was performed using the cerebrospinal fluid (CSF), and EBV-DNA was detected in the CSF sample. After EBV encephalitis with LPD was diagnosed, we administered ganciclovir and intravenous immunoglobulin (IVIG). As shown in [Fig. 2](#g002){ref-type="fig"}, a real-time PCR analysis showed that the serum EBV-DNA level had rapidly decreased, and she regained consciousness. After eight subsequent courses of rituximab treatment, the EBV-DNA loads decreased below the detection limit, and the symptoms of EBV-LPDs and EBV encephalitis disappeared. A CT scan also revealed that there was no evidence of hepatosplenomegaly, enlarged gallbladder, or abdominal lymphoadenopathy ([Fig. 6](#g006){ref-type="fig"}). Twenty-two months following ATG initiation, she achieved a partial response for aplastic anemia according to the response criteria previously described by Camitta ([@B8]). To date, EBV-LPD recurrence has not been observed.

![Cranial magnetic resonance imaging (MRI) fluid attenuation inversion recovery imaging. Cranial MRI fluid attenuation inversion recovery imaging revealed high-intensity lesions in the cerebral cortex, in keeping with a diagnosis of viral (EBV) encephalitis.](1349-7235-56-0701-g005){#g005}

![Abdominal computed tomography after the eight cycles of rituximab. A CT scan revealed that there was no evidence of hepatosplenomegaly, enlarged gallbladder, or abdominal lymphoadenopathy after treatment with rituximab.](1349-7235-56-0701-g006){#g006}

Discussion
==========

This case report demonstrated that EBV-associated LPD with EBV encephalitis following ATG therapy for aplastic anemia can be successfully treated with rituximab. This finding may have implications for future patient treatment because it suggests that early detection of EBV-DNA and EBV reactivation may be beneficial for patients receiving ATG treatment for aplastic anemia.

Ten previously reported cases of EBV reactivation and/or LPD following immunosuppressive therapy for aplastic anemia from the literature can be compared with this case, although no case included EBV encephalitis ([@B13]-[@B22]). As shown in [Table](#t001){ref-type="table"}, six previously reported patients with LPD achieved a complete response (CR) with reduction of immunosuppression and/or combination chemotherapy ([@B14],[@B16]-[@B19],[@B22]). The initial signs of EBV-LPDs are a fever, general fatigue, loss of appetite, lymphadenopathy, hepatosplenomegaly, appearance of atypical lymphocytes in peripheral blood, and/or elevation of serum LDH ([@B13]-[@B22]). In our case, the cessation of immunosuppressive agents did not improve the symptoms of EBV-LPD; however, rituximab monotherapy resulted in a CR.

###### 

Previous Case Reports of Lymphoproliferative Disorders Following Immunosuppressive Treatment for Aplastic Anemia.

  Age/sex   Dose and a type of ATG treatment                                       Time to appearance of initial symptoms of EBV-LPD following ATG   Time to diagnosis                                 Diagnosis                                         Peak EBV-viral loads             Treatment for LPD             Outcome   References
  --------- ---------------------------------------------------------------------- ----------------------------------------------------------------- ------------------------------------------------- ------------------------------------------------- -------------------------------- ----------------------------- --------- ------------
  36/M      0.75 mg/kg/d 9 days                                                                                                                      9 days                                            EBV-LPDs                                                                                                         Died      \[13\]
  42/F      Rabbit, 12.5 mg/kg/d                                                   2 weeks                                                           2 weeks                                           DLBCL                                             4 × 10^6^ copies/mL              Rituximab, CPM                CR        \[14\]
  54/M      Rabbit, 3.75 mg/kg/d 5 days                                            26 days                                                           26 days                                           EBV-LPDs                                          3.3 × 10^6^ copies/106 WBC                                     Died      \[15\]
  38/M      1st: Rabbit, 3.5 mg/kg/d for 5 days 2nd: Horse 3.5 mg/kg/d for 1 day   19 days                                                           24 days                                           Infectious mononucleosis                          30,000/150,000 cells             Cessation of CsA, Rituximab   CR        \[16\]
  55/M      Horse                                                                  Less than a month                                                 7 days after the appearance of initial symptoms   Diffuse atypical/clonal plasma cell hyperplasia   60,060 copies/mL                 Rituximab                     CR        \[17\]
  55/M      Rabbit, 3.75 mg/kg/d for 5 days                                        About 3 months                                                    84 days                                           Atypical lymphocytes proliferation                140 copies/10^6^ WBC             Cessation of CsA              CR        \[18\]
  46/F      Rabbit, 3.75 mg/kg/d for 5 days                                        26 days                                                           33 days                                           EBV-LPDs                                          7.9 × 10^6^ copies/mL            Cessation of CsA              CR        \[19\]
  81/M      Rabbit, 3.3 mg/kg/d for 5 days                                         31 days                                                           34 days                                           EBV-LPDs                                          4 × 10^6^ copies/mL              Cessation of CsA, rituximab   Died      \[20\]
  69/W      Rabbit                                                                 About 30 days                                                     54 days                                           EBV-LPDs                                          3 × 10^5^ copies/mL                                            Died      \[21\]
  26/M      Rabbit, 3.75 mg/kg/d for 5 days                                        2 months                                                                                                            EBV-LPDs                                          120 copies/mL                    Reduction of CsA, rituximab   CR        \[22\]
  55/F      Rabbit, 3.75 mg/kg/d 5 days                                            28 days                                                           36 days                                           EBV-LPDs                                          1.1 × 10^6^ copies/10^6^ cells   Cessation of CsA, rituximab   CR        Our case

F: female, M: male, mg/kg/d: mg/kg/day, ATG: antithymocyte globulin, EBV: Epstein - Barr virus, EBV-LPD: EBV-associated lymphoproliferative disorder, IM: infectious mononucleosis, DLBCL: diffuse large B cell lymphoma, CsA: cyclosporin A, CPM: cyclophosphamide, CR: complete response

Time to diagnosis indicates the duration from Day 1 on recent immunosuppression therapy to the appearance of the first symptom of LPD.

Weekly monitoring of the peripheral EBV-DNA load is recommended for high-risk patients following allo-HSCT ([@B23]). The peak incidence of early PTLDs occurs 6-12 months following allo-HSCT ([@B24]). EBV-LPDs in patients with aplastic anemia may occur earlier than in patients with PTLDs. Therefore, it may be reasonable to begin monitoring within a week after ATG initiation.

With regard to allo-HSCT, patients with EBV reactivation and sufficient T cells improved only by reduction of immunosuppression ([@B25]). Among patients who developed PTLDs following allo-HSCT, the response rate for rituximab with the reduction of immunosuppression was 84%, whereas the rate was only 61% without a reduction of immunosuppression ([@B26]). Our patient did not improve following reduction of immunosuppression; therefore, an anticancer agent was administered. This indicates that the reduction of immunosuppression following the development of LPDs may be less effective for EBV-LPDs after ATG than for PTLDs, which may be partly because EBV-LPDs following ATG for aplastic anemia generally develop before T cell reconstitution.

Other EBV-associated diseases sometimes concurrently develop with PTLDs. Three major EBV end-organ diseases in recipients of allo-HSCT are pneumonitis, encephalitis/myelitis, and hepatitis ([@B27]). Reportedly, EBV-associated diseases are more refractory to rituximab than other agents ([@B27]). The MRI features of central nervous system (CNS)-involved PTLD that develop after solid-organ transplantation are multiple contrast-enhancing, intra-axial lesions associated with extensive peritumoral edema ([@B28]). CNS-involved PTLD masses are generally hypercellular, appearing hypo- to isointense on both plain T1- and T2-weighted MRI ([@B29]). Unlike CNS-involved PTLD, EBV encephalitis is reported to appear hyperintense on plain T2-weighted and fluid-attenuated inversion recovery (FLAIR) MRI ([@B30]). Because EBV-DNA was detected in the CSF and cranial MRI T2-weighted and FLAIR revealed a high-intensity cerebral cortex without masses or peritumoral edema, we suspected our patient of having EBV encephalitis and not EBV-LPD with CNS involvement.

In conclusion, we reported a case of EBV-LPD with EBV encephalitis following ATG therapy in a patient with aplastic anemia who was successfully treated using rituximab. This case demonstrates that, in patients with aplastic anemia who are treated using ATG therapy, the initial symptoms of EBV-LPD should be considered. Because EBV-LPD following treatment for aplastic anemia progresses more rapidly than PTLD, weekly monitoring of EBV-DNA may be necessary. If EBV-LPD develops during treatment for aplastic anemia, a reduction in immunosuppressive treatment may be insufficient; therefore, preemptive treatment using rituximab should be considered.
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